specificity is determined by the condensing enzyme, namely 8-ketoacyl-[acyl-carrier-proteinlsynthase 11. For the barley complex they are CoA derivatives which give rise to the C,,, C,, and C,, 3-oxoacyl key intermediates. One can speculate that the condensing enzyme activity specified by the cer-cqu-determined polypeptide is responsible for the noted substrate specificity. Therefore, should one wish to isolate the cer-cqu gene, whose product is part of either epidermal plasmalemma or cell walls, the most feasible approach is to exploit its expected homology with the gene for the condensing enzyme of palmitoyl elongase.
In plants, acyl-carrier protein (ACP) exists as a small acidic cofactor protein which participates in at least 12 reactions of fatty acid biosynthesis and metabolism. In recent years, research on this protein has intensified in several laboratories because of the potential of ACP to serve as a representative marker protein for studies of the regulation of plant fatty acid synthetase gene expression. Such studies may eventually have an important practical impact on the selection of genetic engineering strategies used to modify the amount and type of fatty acids produced by oilseed crops. For example, ACP levels have been measured in developing soybean seeds by both enzymic and immunochemical assays . A close correlation was found between rates of fatty acid synthesis in vivo and ACP content. These results suggest that levels of fatty acid biosynthetic proteins may be a rate-determining component of the seed's overall lipid biosynthetic capacity. Although other factors such as substrate and cofactor supply may also limit seed oil production, the results with ACP provide encouragement that molecular genetic modification of fatty acid biosynthetic protein levels may provide a means to influence oilseed metabolism. ACPs have been the first proteins in plant fatty acid biosynthesis to be purified to homogeneity and, to date, the only proteins for which amino acid sequence data are available. Spinach leaf ACP-I has been completely sequenced (Kuo & Ohlrogge, 19846) Vol. 14 residues of the barley leaf ACP-I are known (Hoj & Svendsen, 1983) . The two plant sequences are 70% homologous, indicating that the ACP structure is highly conserved between monocot and dicot plant species. Comparison with the Escherichia coli ACP sequence reveals 40% homology; whereas, the ACP domain of the rabbit multi-enzyme fatty acid synthetase complex has 25% homology with plant or bacterial ACP sequences. These comparisons suggest that all ACPs evolved from a common ancestor, but, intriguingly, the plant structure has remained closer to its bacterial counterpart than to the corresponding animal structure.
Plants have recently been shown to contain multiple isoforms of ACP (Hoj & Svendsen, 1984; . Although the isoforms are clearly closely related in structure, there are significant differences in the amino acid composition and the N-terminal sequences of both barley and spinach ACP isoforms. These differences suggest that the isoforms may be coded by multigene families.
The plant ACP isoforms are expressed differently in different tissues . In spinach leaves we find that ACP-I is present at 3 4 f o l d higher levels than ACP-11. However, in developing spinach seeds ACP-I1 is the predominant species, with ACP-I absent or barely detectable. Similar results have been observed with castor oil seed leaves and endosperm and soybean leaves and developing cotyledons.
As a prelude to molecular genetic studies, antibodies to spinach ACP have been used to examine the subcellular localization of ACP in leaf tissue (Ohlrogge et al., 1979) and the products of mRNA translation in vitro. These studies have revealed that ACP is localized essentially exclusively in the plastids of spinach mesophyll cells. However, ACP is probably initially synthesized in the cytoplasm because antibody precipitation of translation products in vitro indicates that ACP is synthesized from poly(A+) RNA as a higher molecular weight precursor protein (Ohlrogge & Kuo, 1984b) . The "S-labelled precursor can be processed by chloroplast extracts to yield a smaller product (P.D. Beremand & J. B. Ohlrogge, unpublished work). Together, these and other data (Dorne et af., 1982) suggest that ACP is a nuclearencoded protein, which is synthesized as a precursor polypeptide containing a transit peptide that guides its uptake by the plastids. Messenger RNA from spinach has been size-fractionated on sucrose gradients leading to an enrichment of approximately five-fold in mRNA for ACP (Fig. 1) . The amino acid sequence data for barley and spinach ACP have provided the ability to prepare oligonucleotide hybridization probes for use in screening cDNA or genomic libraries. We have observed that such probes bind to spinach mRNA having a size of approximately 900 bases upon Northern blot hybridization A cDNA library from spinach mRNA has been prepared in AgtlO and is currently being screened with several oligonucleotide probes.
ACPs in plants are relatively rare proteins, constituting less than 0.1 YO of the total cell protein in most species (Kuo & Ohlrogge, 1984~) . Therefore, purification of milligram quantities is difficult, and, as a consequence, plant lipid biosynthetic studies have been hampered by the absence of adequate supplies of plant ACP for use as cofactor or substrate. Expression of a plant ACP gene in E. coli might provide a means of providing sufficient ACP for enzymological and other studies. However, isolation of a cDNA clone will most likely not provide a simple route to ACP production in E. coli because of the presence of transit sequences or introns in such clones. Therefore, as an adjunct to efforts to obtain cDNA and genomic clones for plant ACP we are also constructing the totally synthetic ACP gene shown in Fig. 2 . The DNA sequence of Fig. 2 is based on the amino acid sequence of spinach ACP-I (Kuo & Ohlrogge, 1984h) . A codon usage table for plant genes was constructed using data for 18 proteins contained in the GenBank sequence data file. Plant, rather than E. coli, codon usage data were used to allow the synthetic gene to also serve as a probe in cDNA or genomic cloning strategies. The most frequently used codons were chosen for each amino acid except where this results in a CG dinucleotide sequence. Such sequences are rare in natural DNA and, therefore, were avoided in our design (Lathe, 1985) . The DNA sequence generated in this manner was then searched by computer for direct or inverted repeat sequences containing seven of eight matches. Several such matches were found and these were eliminated by adjustment of the codon usage. Finally, restriction sites were added at each end of the sequence to allow easy insertion into E. coli expression vectors.
The gene as shown in Fig. 2 is being assembled from 13 fragments of DNA ranging in size from 30 to 45 nucleotides long. These oligonucleotides were synthesized by phosphite triester chemistry on an Applied Biosystems 38 1 A DNA synthesizer. The 13 fragments were delocked and cleared from the solid support by NH,OH treatment. After desalting on Sephadex-G5O the fragments were purified by gel electrophoresis in 8~-urea/l2% acrylamide gels. All but the 5' end fragments were phosphorylated by T, kinase and then 60pmol of each fragment were mixed in complementary pairs and allowed to anneal. The complementary pairs were then sequentially mixed in the presence of T4 ligase and aliquots examined by electrophoresis under denaturing conditions. As shown in Fig. 3 , a band representing the exact size of the synthetic ACP gene is visible after addition of all 13 fragments. In agreement with others, we observe a Fig. 3 . Ligation of synthetic oligonucleotide fragments Oligonucleotides were annealed in separate two-or threefragment combinations. The annealing mixtures were then sequentially mixed and ligated. Fragment 13 was labelled before annealing with "P using T4 polynucleotide kinase. The annealing reactions designated A-F contained the following fragments: A, 1 and 13; B, 2 and 12; C, 3,4, and 11; D, 5 and 10; E, 6 and 9; F, 7 and 8. Annealing reactions A and B were mixed and ligated with T, DNA ligase. After 30min a small aliquot was removed and annealing mixture C added. This process continued until all the annealing reactions had been added and ligated. The reaction was continued for several hours, samples being taken at 30 min intervals. The samples were deproteinized and analysed on 8~-u r e a / 5 % acrylamide gels. After electrophoresis, radioautography was done to localize the oligonucleotides. Lanes 1, 7, and 13 were loaded with MspI-digested pBR322. Lanes 2-6 and 8-2 were loaded with the ligation reaction samples, elapsed time of ligation increasing from left to right in 30min intervals.
considerable proportion of smaller size constructs representing incomplete assembly of the fragments (Sproat & Gait, 1985) . The band at 268 base-pairs is currently being cloned into the vector pUC 1 19. Dideoxy DNA sequencing will be used to identify clones containing the correct sequence.
